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The Great Lakes Research Advisory Board requested the International Joint
Commission’s Great Lakes Regional Office in its role of secretariat to assemble and prepare this
report.
Many individuals have contributed to the preparation of this document. Dr. James R.
Kramer provided the materials utilized for much of the report, and particularly for Chapter II,
Properties of Asbestos, under a contract to Canada Centre for Inland Waters (CCIW). Reports
originated by R.R. Weiler, R.W. Durham and T.W.S. Pang of CCIW provided the basis for the Health
Effects and Distribution of Asbestos in the Great Lakes Basin chapters. Dr. Martin P. Bratzel of the
Regional Ofﬁce prepared Chapter III, Enumeration and Identification of Asbestos. Mr. James P.
Bruce, Director General of the Inland Waters Directorate of Canada’s Department of the
Environment, and Chairman of the Research Advisory Board Canadian Section, provided necessary
guidance and review.
Additional technical reviews, comments, and suggestions incorporated into this report
were contributed by Louis J. Breimhurst, State of Minnesota; R.W. Durham, CCIW; William
Fairless, U.S. Environmental Protection Agency, Region V; John R. Helvig, U.S. Environmental
Protection Agency, Region V; Peter M. Higgins, Environmental Protection Service, Environment
Canada; Hugo R. Holland, Great Lakes Research Advisory Board; A.R. LeFeuvre, Director, CCIW;
John D. Kinkead, Ontario Ministry of the Environment; Dwight F. Metzler, State of New York;
Clifford H. Mortimer, Director, University of Wisconsin Centre for Great Lakes Studies; G. Keith
Rodgers, CCIW; J .R. Vallentyne, Freshwater Institute, Fisheries Research Board of Canada; Gordon
Van Fleet, Ontario Ministry of the Environment; R.R. Weiler, CCIW; Robert W. Zeller, U.S.
Environmental Protection Agency, Region V; Donald Marlow and Robert Carton of U.S. EPA Ofﬁce
of Toxic Substances — Washington, DC; members of the Research Advisory Board’s Water and
Wastewater Standing Committee; Dr. Philip M. Cook, EPA-Duluth National Water Quality
Laboratory; Dr. Herbert E. Allen and his Graduate Assistant, Mrs. Rosalind Keiser, of the Environ-
mental Engineering Department, Illinois Institute of Technology, and David Carlisle, Water
Quality Branch, Inland Waters Directorate. Patricia A. Bonner, Regional Office, had overall
responsibility for preparation, editing, and production of the report.
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Asbestos is a generic name for several fibrous silicates. Although occupational exposure
to air-borne asbestos can cause asbestosis, lung cancer and other forms of cancer, effects due to
ambient levels have yet to be demonstrated. The effects of asbestos in food and drink are not fully
understood. The precise physiological pathways by which asbestos may cause asbestosis or cancer
are unknown.
2.
The reported background level of asbestos ﬁbre concentration in water of the Great
Lakes varies widely ~ from less than 1 to 10 million fibres of asbestos per litre.
3.
Up to 87 million fibres/litre have been reported from the Duluth area where ﬁbrous
cummingtonite is found. In Beaver Bay’s drinking water supply 250 million amphibole ﬁbres/litre
were found.
4.
The sources of asbestiform fibres are both natural (weathering of rocks) and manmade
(intensive industrial use of the substances). A major Lake Superior source is the Reserve Mining
Company operation at Silver Bay. It can be specifically identified only because cummingtonite, the
asbestos type found as a contaminant in'Reserve’s taconite ore deposits, is different from other
asbestiform fibres and therefore can be directly traced to the cummingtonite asbestos operation of
Reserve.
5.
Chemical pretreatment followed by ﬁltration significantly improves the removal of
asbestos fibres from domestic water supplies.
6.
Laboratories performing asbestos counting methods produce varying results because





Because of the current controversial nature of asbestos as it relates to possible health
hazards and potential transboundary pollution, the Great Lakes Research Advisory Board of the
International Joint Commission on March 7, 1974, directed Regional Office staff to prepare this
summary report on the status of research investigations on asbestos in the Great Lakes, particularly
in Lake Superior.
Pioneering observations of the Canadian Department of National Health and Welfare
and the Ontario Ministry of the Environment of asbestos in surface waters in Canada and
OntarioU’Z), particularly in asbestos mining areas, provide a starting point for the summary of
research investigations and state-of—the-art review which are embodied in this report. The report
follows the recent shift in emphasis to western Lake Superior where disposal of taconite tailings
from Reserve Mining Company operations into Silver Bay has been the subject of intense technical
and legal activity. The chronology of events and the role of the Commission in its concern for
boundary water pollution is pointed out. Recent actions by the US. courts are of particular interest
in what has been termed a “classic case”(3) because their implications extend far beyond the
Reserve
case. Information specific to taconite mining and the Reserve case appears in the
appendices of this report.
Analytical quality control problems of water sampling and laboratory identiﬁcation
and enumeration of asbestos fibres in water are summarized in a special chapter which also presents
a comparison of analytical results from different laboratories. This chapter appears after the
properties which make asbestiform fibres so difficult to analyze consistently are discussed.
Chapters detailing the health effects of asbestos and the present technology for its
treatment and removal from water precede descriptions of the distribution of asbestiform fibres
throughout the Great Lakes System and more specifically in Lake Superior. With this information
and recognizing the current investigations (Appendix 4), the Great Lakes Research Advisory Board
presents its recommendations, conclusions, and its list of research needs.
 
 
 PROPERTIES OF ASBESTOS
INTRODUCTION
Asbestos is a generic name used to describe several ﬁbrous hydrated silicates, consisting
of 40-60% silica in combination with oxides of iron, magnesium and other metals. Asbestos is a
commercial product. The minerals differ in their chemical and physical properties, such as range of
fibre diameter, flexibility, tensile strength and surface properties. They can be divided into two
major groups of asbestos; the sheet silicates (Chrysotile), and amphiboles (anthophyllite,
cummingtonite, grunerite, crocidolite, tremolite, eckermanite). Amphiboles can be either ﬁbrous or
block—like. Asbestos or asbestiform is usually used in context to a commercial or potentially
commercial deposit whereas acicular (needle—like) or fibrous are terms used more commonly in a
strictly mineralogical sense. Whenever the term fibre is utilized in this report, it refers to a mineral
form which is at least three times as long as it is wide.
MINERALOGY
The word amphibole is derived from the Greek word meaning ambiguous. Without
careful work these minerals can be easily misidentified. In particular, variations are to be anticipated
in cell parameters, electron diffraction and x-ray diffraction patterns are similar for various
amphiboles, and compositions are overlapping. The characteristic mineralogical features of asbestos
ﬁbrous minerals are summarized in Table l.
Chrysotile (white asbestos), which is used in about 90% of all products requiring
asbestos, is a member of the ﬁrst group. It is a magnesium silicate with the empirical composition
3Mg0.Si02 2H2 O. The fibres are small in diameter (200-250A) and hollow (inner diameter 20-5023.)
with apparently amorphous material on the outside and inside of the tubes.
Other forms: ﬁbrous cummingtonite and crocidolite, tremolite, anthophyllite and
eckermanite are of minor commercial importance. Estimates of asbestos reserves suggest no shortage
of supply in this century.
The essential feature of the structure of all amphiboles is the presence of Si04
tetrahedra linked to form double chains having the composition (Si040l 1),,. Their structure admits
great ﬂexibility of ionic replacement, but the physical properties of all of the minerals are very
similar. The minerals tend to form needle—like crystals which, when broken, produce needle-like
fragments about 800—1,000A wide. They can be divided into two groups, the ortho—amphiboles and
the Cline—amphiboles. The first group contains anthophyllite with the empirical formula
(Mg,Fe)7 Sig 02 2(OH)2. The second group has two series:
— cummingtonite - grunerite series, with compositions ranging from
Fe2 Mg5 Sig 02 2 (OH)2 to Fe, Sis 02 2 (OH)2. Amosite (brown asbestos), which is
of economic importance, has a variable composition averaging
Fe5 Mg2 Sis 022(OH)2. Crocidolite (blue asbestos) is a sodium iron silicate with
the formula N32 F65 02 2 .
— tremolite—actinolite—ferroactinolite series ranging in composition from




























































































































































       
 The main sources of asbestos fibres in the environment are from the mining and milling
of asbestos materials, milling and beneﬁciation of iron, copper, nickel and zinc ores that contain
ﬁbres, plants and factories manufacturing products containing asbestos, and the “waste” from its
general usage in modern society. When the minerals containing asbestos ﬁbres are crushed, they
have
the property of splitting lengthwise into ﬁbres of varying strength and flexibility. A
considerable portion of the fibres are microscopic in size and enter the atmosphere as dust from
sources such as insulation materials and brake linings. Consequently, it is common to find asbestos
ﬁbres in high concentrations in the air and water surrounding cities. Mining and milling operations
create large amounts of airborne particles including asbestos. Dust prevention in plants and factories
has reduced, but not eliminated completely, air particles in the immediate surrounding area.
There are about 3,000 commercial uses of asbestos, in particular, asbestos cement
building materials and water distribution system pipes, ﬂoor tile, paper products, paint, caulking,
ﬁreproofing, packing, brake lining, clutch facing, electrical insulation, vinyl sheet backing, covering
for jet engines, ﬁlters, and heat resistant plastics. The U.S.A. is the world’s largest consumer of
asbestos, consuming 3.5x106 short tons in 1968 and about 20% of all world production. By the
year 2,000 the USA. is expected to double its present consumption. Canada is the largest producer
of asbestos, producing about 46% of the world’s production principally in Quebec and exporting
about 90%, mostly to the U.S.A.(4).
CHEMISTRY
The chemical composition of Commercially available chrysotile from various locations
deviates little from the ideal composition Mg3 Si2 05 (OH)4. The impurities, in particular iron,
aluminium, calcium, chromium, etc., may be part of the crystal structure or may be introduced by
associated minerals. Silicon may be replaced by aluminium, and magnesium by aluminium, ferrous
and ferric iron.
The chemical composition of the asbestiform amphiboles is more complex than that of
chrysotile (Table 1). The amphibole structure admits great ﬂexibility of ionic replacement, and the
minerals of the group exhibit a wide range of chemical composition. In addition to the replacement
(Mg,Fe), important substitutions occur in the amphiboles; for example, the substitution of silicon
by aluminium, calcium by sodium, and (Mg, Fe”) by aluminium.
The chemistry of standard reference asbestos samples has been described in a number
of review papers(5). Analyses have been determined by electron microscopic fluorescence analysis
and microprobe analysis and are listed in Table 2. At present, there are no published data on the
changes in chemical composition of individual asbestos ﬁbres after immersion in water.
MORPHOLOGY
Chrysotile
Chrysotile fibres and ﬁbrils aredistinctive in their appearance and their morphology is
usually utilized for their identification by electron microscopy. Chrysotile ﬁbres usually are curved
and occur in open bundles splitting into ﬁbres and ﬁbrils of 200-40013. in diameter (1 Angstrom =
1010 meter). Chrysotile ﬁbres readily divide into numerous ﬂexible ﬁbrils; a chrysotile ﬁbre of 1
pm diameter can yield 1,000 ﬁbrils of the same length, for example, in lung liquids(6’7).
Consequently, no reliable geometric size measurements can be made with chrysotile ﬁbres. The
ﬁbrils have various diameters but the average outer diameter is of the order of 250A and the inner
diameter about 50A. '
 TABLE 2
CHEMICAL COMPOSITION RANGE OF INDIVIDUAL






































































































































Although typical electron micrographs of chrysotile show smooth cylindrical ﬁbres,
other forms are observed occasionally; for example, tube—in~tube form and cone-in-cone form. Quite
frequently there is a median stripe of greater electron density on the plate of the ﬂuorescent screen
suggesting that the centre of the fibre is more transparent to electrons than are the sides of the
ﬁbre. The simplest interpretation of this phenomenon is that the fibres have a tubular morphology.
Most of the fibres have a hollow cylindrical form. The tubes are not simple cylindrical cones, but
consist of deformed layers arched toward one another, approximating a hollow cylinder. Some
ﬁbres, however, are not hollow butsolid, showing an unusual growth pattern. Filling the cylinder
with foreign material also may result in a solid appearance. The density of Arizona and African
chrysotile is compatible with tubular structure, but Canadian chrysotile with a high density hasat
least 50 percent ﬁlled tubes.
It should be noted that ﬁbre width generalities may be of little real use since the same
mineral from a different locality or crushed differently can have smaller fibre widths.
Amphiboles
The most striking difference between chrysotile and amphibole ﬁbres is in their shape:
the amphiboles are usually straight and show good cleavage. Amphibole fibres do not split or change
shape in lung fluids and are thus observed in the same state as when inhaled.
Although widths offibres vary according to source and to milling processes, Timbrell
et (11(8), have reported that the fibre width of anthophyllite invariably exceeds the average width for
amosite, which again exceeds the average width for crocidolite. The minimal fibre diameters quoted
are as follows: 2500A ~ anthophyllite; 1500A — amosite; and 600A # crocidolite.
FIBRE LENGTHS
Since asbestos fibres up to 200 pm long have been detected in lungs, fibre length
distributions have been determined for the reference samples up to this approximate limit. It was
shown in laboratory experiments that the observed distributions depend to some extent on the
method used to disperse the ﬁbres for measurement. These results are summarized in Table 3(9 ’10).
SURFACE AREA
The speciﬁc areas of the asbestos ﬁbres are important for the study of kinetics of
dissolution of asbestos ﬁbres in water. The surface areas of the reference sample were measured
using both nitrogen adsorption and permeability methods(1 1:12). Results are shown in Table 4. The
values obtained by the nitrogen adsorption method include all the internal surface of pores, cracks,
etc., while the permeability method measures only the external surface. The rating of the sample by
the two methodsis different, reflecting the different structure of the various types of ﬁbre.
SURFACE CHARGE
The isoelectric point of chrysotile is at a pH of 11.8. At lower pH values thesurface
charge is positive; above the isoelectric point the Charge becomes negative. Most dispersed materials
have a negative surface charge in aqueous systems. Since chrysotile has a positive charge, it attracts
or is attracted to most dispersed materials.
The isoelectric point of cummingtonite amphibole is 5.2 to 6.0. Therefore, in most
waters the mineral has a negative surface charge represented by a zeta potential of ~20 to ~40 mv.
 
















LENGTH DISTRIBUTION OF REFERENCE
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Rhodesian Chrysotile 21 .3i 1 .5 6.8
Canadian Chrysotile 26.8i0.7 4.9
 
REACTION OF ASBESTOS FIBRES WITH WATER
Holt and Clarck and Reimschussel(13) studied prolonged extraction of chrysotile with
water. Holt extracted chrysotile with boiling water and found that the solution contained both
magnesium and soluble silicic acid. He postulated that the chrysotile decomposed by dissolution of





























































was accompaniedby the formation of a precipitate of amorphous magnesium silicate.
Cotterell and Holt(14) investigated the extraction of Silica, calcium, magnesium and
iron from two crocidolite samples from the Kvegas ﬁeld of North West Cape (NWC) and from
Transvaal (Tvl). Samples of the two crocidolites (500 mg) in ﬁbrous form were extracted with water
or 0.1 N hydrochloric acid (100 ml) for 5 days at 20°C. After filtration the concentration of the
metal ions and silica were determined. The results are given in Table 5.
Both crocidolites were attacked by water as well as by 0.1Nhydrochloric acid; and
NWC crocidolite was dissolved more than Tvl..Si1ica and magnesium were extracted by water and
acid; however, iron was found in solution only after acid extraction. Calcium was found in NWC
























































































The ﬁrst three techniques aresuitable for the characterization of large bulk samples of
asbestos minerals, the last three for individual ﬁbres. The last three, taken together, can provide
unique ﬁbre identiﬁcation by morphological, structural, and chemical analysis.
Of prime interest is the identiﬁcation of individual fibres in air and water samples at
trace concentrations. Therefore, this report considers only TEM, SAED, and EMA in any detail. All
three may be performed consecutively on the same sample in the same instrument.
Infrared Spectroscopy And Differential Thermal Analysis
Although infrared spectroscopy has been used to identify speciﬁc amphibole minerals,
it measures molecular properties which sometimes are difﬁcult to interpret. Differential thermal
analysis usually is considered inappropriate because it requires highly sophisticated techniques for
preparation of homogeneous, representative samples.
X-Ray Diffraction
When x-rays impinge upon a crystalline structure, they are diffracted. The resulting
x-ray diffraction pattern can be translated into the characteristic dimensions and angles of the unit
cell. If the composition is relatively constant, the technique can be successfully applied for ﬁbre
identification. This requires samples without signiﬁcant lattice distortion. The resulting diffraction
patterns can be measured, indexed, and by computer techniques, reduced to cell parameter values.
Transmission Electron Microscopy (TEM)
Figure 1 illustrates the 'optics of TEM. Electrons from a heated tungsten ﬁlament
source are accelerated by a 40-100 kv potential. The resulting electron beam is focused onto the
specimen on a grid (object) and, through a series of additional magnetic lenses and apertures, the
image is displayed on a ﬂuorescent screen or a photographic device.
The pressure is maintained below about 10'5 torr (one torr equals one millimetre of
mercury). The TEM has been designed to permit rapid sample insertion and return to operating
pressure. The apertures are adjustable, the specimen viewed can be limited by the size of the
intermediate aperture.
Asbestos ﬁbres are visible on the screen. Mineral ﬁbres and fibrils are often distinctive
enough for unique identiﬁcation.
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FIGURE 1: THE OPTICS OF TRANSMISSION ELECTRON MICROSCOPY
Arrangement of lenses and diaphragms in a modem high~power electron microscope.
(a) Operating as three-stage electron microscope. (b) Operating to produce a selected-
area diffraction pattern. (After R.D. Heidenreich, “Fundamentals of Transmission
Electron Microscopy,” Interscience, New York, 1964.)
‘Figure and text from CS. Barrett and TB. Massalski, Structure of Metals, 3rd Edition, McGraw
Hill Book Company, Toronto 1966. p. 431.
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The fibres detected may have clay, diatoms, and other small particles associated with
them. These and the presence of other fibrous materials may interfere with identification.
Selected Area Electron Diffraction (SAED)
By simple removal of the aperture at the back focal plane, and by limiting the viewing
area to a given fibre, the electron diffraction pattern of the fibre can be produced.
Through the use of SAED, individual fibres of chrysotile can be distinguished from
amosite, anthophyllite, and crocidolite. The diffraction patterns of the last three asbestiform ﬁbres
closely resemble each other, but they can be distinguished by the difference in the intensity of the
points within the layer lines. Chrysotile is crystallographically different enough from the
amphiboles to show gross differences, but differences from one ﬁbre to another may be attributed
to orientation. Many ﬁbres due to size, orientation, or interference of other particles, will not give
an identifiable diffraction pattern. This leads to large systematic error (low counts) when a positive
SAED is required for fibre identification.
Electron Microprobe Analysis (EMA)
With EMA, a focused electron beam is moved over the surface of the specimen,
exciting characteristic x-radiation. Analysis of these x—rays provides information about the chemical
composition of the area under study. The resolution is a few cubic micrometres of specimen.
As with TEM and SAED, EMA is a relatively nondestructive technique. Chrysotile
ﬁbres are destroyed by an electron beam; this property is often used as a diagnostic. Amphibole
ﬁbres are less damaged.
A single fibre may be analyzed by EMA. Since all amphiboles contain silicon,
magnesium, and iron, the empirical ratio of these three elements can be determined for the ﬁbre
and the resulting value plotted on a triangular three-component Gibbs diagram. Different areas on
the diagram, corresponding to different ratios of the elements, correspond to the different
amphibole fibres. Thus an individual ﬁbre may be uniquely identified.
ANALYTICAL PROCEDURE
Sample Collection
Water samples are collected in new polyethylene bottles which have been properly
rinsed with the sample water prior to collection. About one litre is sufficient. No special handling
precautions are taken and no preservatives are added.
Filtration
Where ﬁltration techniques are used, a 0.2 - 1.0 litre sample is filtered through a ﬁlter























































































































































































































































































































































































































































measured. The minimum fibre diameter measurable is about 0.04 pm. The lengths and widths of all
ﬁbres in a specified number of ﬁelds are measured; from these measurements a size distribution is
determined.
Fibre Volume
The volume of a fibre is calculated by multiplying its length by the width squared; this
assumes a square ﬁbre cross section. Many amphibole ﬁbres are lath—shaped and will tend to lie on
their ﬂat side. Hence, the estimate of the volume of the fibres present will tend to be high. This
small bias cannot be measured, but may be partially compensated for if some of the ﬁbres stand on
edge.
Fibre Mass
The mass of a ﬁbre is calculated by multiplying its volume by 3.40, the average density
for amphibole ﬁbres. The total mass of fibres present per volume of sample filtered is calculated in a
manner similar to that for total number of fibres.
Most of the above calculations are routinely handled by a computer.
SOURCES OF VARIATION IN ANALYTICALRESULTS
Filters
Two types of ﬁlters are utilized. Millipore and Sartorius filters are prepared by





















advantages and limitations. Their different characteristics may introduce bias into analytical results.
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Options 2,4 and 5 utilize sonification for redispersion and homogenization. The effect
of soniﬁcation is not deﬁned, but it is possible that particulates may not be completely released
(membrane ﬁlters may possess an attractive electrical charge) and resuspended, fibre clusters may be
split, and ﬁbres and fibrils may be broken. The possible occurrence of these phenomena needs to be
investigated. Since undeﬁned and possibly variable processes are occurring, a procedure relying on
sonification should be avoided.
Options 2 and 4 subject the sample to ashing. Splitting, agglomeration, composition
changes, and losses during ashing occur, and are variable, depending upon the exact experimental
conditions chosen. Therefore, ashing should be avoided.
The preferred procedure for grid transfer would appear to be Options 1, 3 and 6.
Options 1 and 3 require a homogeneous distribution of ﬁbres on the filter and assume no loss of
ﬁbres during dissolution of the filter. The risk of contamination and of the loss of sample for
Option 3 is reported to be minimal. Option 6 may be inadequate; the centrifugation rate is limited
by the tendency of the supporting ﬁlm on the grid to rupture, and the maximum rate may be too
low.
Other Sources for Difference
A number of different procedures are capable of providing data, but none has been
shown to yield correct data. No one procedure has been demonstrated to be accurate; that is, that
the number and the nature of the asbestos ﬁbres and clusters remain unchanged during collection,
handling, storage, preparation, and analysis. Similarly, no one procedure has been shown to yield
erroneous data, although some might be more suspect than others.
Besides the potential bias and loss of precision which might be introduced by the
choice of ﬁlter and the grid transfer procedure, all steps of the analytical procedure, especially
where alternatives are available, may be considered suspect. Several of these are listed below.
1. Non-homogeneous sampling initially or non-homogeneous sub-sampling at various
stages of analysis
2. Sample collection procedure: pump and bottle
Chemical effects of the sample collection and storage container: polyethylene
Physical effects of the sample collection and storage container: sample loss via
adsbrption
Effect of unusual storage conditions; e.g. heat
Filter storage and preparation prior to use












Effect of sequential or re-ﬁltration to remove debris
9. Storage of filter subsequent to ﬁltration and prior to further processing
10.
Grid storage and
preparation prior to use
1 1.
Storage of grid subsequent
to sample transfer and
prior to analysis




and location of fields reviewed
14. Interpretation of observations





Differences introduced with photographic versus a visual count
18. Clumping of particles
19. Failure to obtain a diagnostic SAED pattern
20. Contamination, particularly with chrysotile, during sample
preparation
21. Observation of fibres by other material
22. Creation of more fibres by sonification
23. Inability to count very small fibres
24. Loss of fibres during grid preparation
It should go without saying that the laboratory facilities should be and remain clean;
that proper care should be routinely exercised in preparing, handling, and aliquoting samples and
reagents; that proper care should be exercised in preparing blanks; and that the technician or
scientist should know and understand the operation of his instrumentation and be able to recognize
changes in operating parameters and conditions.
INTERLABORATORY COMPARISON STUDIES
Three interlaboratory comparison studies which provide a reasonable evaluation of
different analytical procedures have been reported.
Duluth Asbestos Study
The ﬁrst comparison study involved two laboratories performing analyses for the US.































































































































indicates bias; the 1.51 is a measure of the reproducibility.











































































































































































































































































































































































































































































































































































































LAKE SUPERIOR ASBESTOS STUDY
 
LAB. NO. NO. FIBRES/LITRE (X106)
SAMPLE
NO. C D E
101 0.79 43. 29.
102 1.1 34. 18.
103 4.0 48. 9.
104 1.7 32. 25.
105 2.1 36. 8.
AVERAGE 1.94 38.6 17.8

































































Additional replicates of these same solutions, plus others collected as part of the Lake
Superior Asbestos Study, have been subsequently coded and submitted to the three laboratories.
The earlier observed bias constant between Laboratory C and Laboratory E has disappeared in that
recent data are almost identical. This means that new and old data cannot be compared. Results
from Laboratory D are scattered, indicating a lack of within-laboratory reproducibility.
Fibre mass per unit volume of sample was also determined by the three laboratories for
the five samples. A similar bias between the laboratories and similar within—laboratory
reproducibility were obtained.
Data are also being collected for each sample from each laboratory on the ﬁbre size
distribution. These data are incomplete.
The constant bias between the laboratories presents a problem for the Lake Superior
Asbestos Study. This study is designed to determine the source of amphibole ﬁbres in Lake
Superior and to trace their distribution; therefore, only relative values are required. Through use of
a proportionality constant, the data can be made internally consistent.
Litigation Study
In conjunction with the U.S.—Reserve Mining litigation, the court ordered and designed
an intercomparison study. Fibre counts were reported for a series of samples by eight participating
laboratories. The results tend to conﬁrm the between-lab bias and the tendency toward occasional
within-lab non-reproducibility.
CONCLUSIONS
Present analytical endeavours have responded to the immediate need for data, and have
used the best analytical capability available. Nevertheless, time, personnel, and monetary constraints
have limited any properly designed methods development and evaluation program.
Three conclusions may be reached:
1.
The superiority of any one analytical procedure has not been demonstrated.
2. Acceptable within-laboratory precision can be achieved.
3.
The achievement and maintenance of accuracy and precision through a properly
designed and executed quality control program will be demanding, time-
consuming, and expensive.
RECOMMENDATIONS
Methods evaluation studies should be instituted in order to establish an accurate and
precise procedure in which the variables are known and understood and an adequate quality control





Tiny asbestos ﬁbres in the atmosphere are the causative agent of the disease asbestosis,
a scarring of the lungs by increased fibrous tissue growth, which is an occupational hazard in the
asbestos industryUS, 16). The widespread use of asbestos materials had led to increasing concern
over potential hazards to the general public(17), especially since exposure ‘to asbestos causes
malignant tumors of the pleural epithelium and abdominal cavity lining. Such exposure is normally
considered to occur by way of inhalation of asbestos fibres.
A major problem in asbestos medical research is interpreting results when there is an
extremely long latency period, generally 20-40 years, between initial exposure and resultant
diseases.
Most research has involved chrysotile, amosite, crocidolite, and anthophyllite.
Researchers express apparent conﬂicting opinion regarding the relative carcinogenicity of various
types, but the majority agree that in general asbestos is carcinogenic.
The amount of fibres required to cause adverse reactions in living organisms has not
been precisely determined. The effect of smoking is unclear. The large surface area and specific
surface reaction of the fibres are suspected to have some effect on cells.
The most popular theory of asbestos carcinogenesis has been based on the size and
shape of fibres. The physical dimensions are referenced frequently by researchers. Generally the
health hazard from exposure to asbestos increases the more the material is separated and the fibres
shortened,
A combination of factors including the basic mineral chemistry, size and shape of
fibres, organic surface contaminants, and length of time of presence of ﬁbres in the body increases
the health hazards. Fibres with a favourable size, shape and surface charge may penetrate
mesothelial tissue and-pierce cells. .
SUMMARY OF PUBLIC HEALTH HAZARDS
Inhaled Asbestos(l 8)
l. Hazards from Occupational Exposure
3. Asbestosis — This disease will appear after 10 to 40 years of occupational
exposure with the main symptoms of extensive fibrosis of the lungs and
pronounced shortness of breath.
b. Pleural calcification — This disease involves the deposition of insoluble calcium
salts in the lining of the lung. It has about a 20-year latency period and is





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































year, there should have been 4 deaths, but 45 occurred. Of the 932






















































































































































































































































































































































water through the gastrointestinal tract and into the bloodstream.(23) The picture is by no means
clear since a recent report summarizes that evidence which shows short-fibred asbestos dust up to 5
pm in length is not capable of causing fibrosis or cancer.(24>
There are two factors which tend to confuse the effects of ingested asbestos; one, that
about 50% of airborne fibres breathed in is cleared from the lungs and subsequently swallowed; and
two, that although some of the ingested ﬁbres larger than about 1 pm are excreted within fourdays,
considerable numbers have been found in the gastrointestinal tract even four weeks after the last
ingestion. Though the high incidence of gastrointestinal cancer appears traceable to inhaled
asbestos, the effects of the amounts of asbestos found in water and food are unclear.(25)
In summary, present knowledge of public health aspects of asbestos in drinking water
supplies is inadequate. Legal reactions to the discharge of taconite tailings from Reserve Mining
Company differ from each other but agree on the need for eventually stopping the discharge. In his
April 20, 1974, Memorandum and Order, Judge Miles Lord stated that “Reserve’s discharge creates
a serious health hazard to the people exposed to it” (see Appendix 5). In staying for 70 days the
injunction against further discharges, the US. Court of Appeals, Eighth Circuit found
that . . . “although Reserve’s discharges represent a possible medical danger, they have not in this
case been proven to amount to a health hazard. . . . (We) are a court of law, governed by the rules of
proof, and unknowns may not be substituted for proof of a demonstrable hazard to the public
health” (Appendix 5). ‘
While demonstrable hazard is not defined, the Court noted that . . . “even as to
workers occupationally exposed to asbestos the time lag of 20 or more years between the date of
initial exposure and the onset of cancer in those so exposed . . . ” and commented that, “ . . . we are
sympathetic to the uncertainties facing the residents of the North Shore . . 3’96)
The signiﬁcance of a 20-year delay following even short-term exposures has been noted
earlier in this chapter in connection with epidemiological evidence of deaths due to cancer induced




Ordinary sand ﬁltration of water supplies removes about 90 percent of the individual
asbestos fibres from water supplies. Because of growing concern over the potential public health
hazards of asbestos in drinking water, research on treatment and removal is underway by
Environment Canada at the Canada Centre for Inland Waters at Burlington. Ontario and by the US.
Environmental Protection Agency, National Environmental Research Center at Cincinnati, Ohio.
Fibre removal efficiencies of various water treatments have been studied by research
scientists and engineers at CCIW.(27) Treatment techniques included simple sand filtration,
diatomaceous earth ﬁltration, chemical coagulation or combinations of these depending on the
degree of removal required. The most effective method involves chemical coagulation with iron salts
and polyelectrolytes followed by filtration. This resulted in better than 99.8% fibre removal from
water containing 12 x 106 fibres/litre which was collected about 8km offshore from Silver Bay at
15 to 50m depth. Fibre counting was carried out using the method of Durham and Pang<23) which
provided a limit of detectability of 2 x 104 fibres/litre.



























The first investigations of asbestos fibres in aqueous suspensions were in 1968 when
beer samples were centrifuged, ashed and then resuspended in water. Fibres in the residual were
examined through electron microscopy and found similar to chrysotile asbestos. The fibres were
thought to have come from the asbestos filters used in beer productionﬂ”)
In 1971 similar techniques were used to measure the number of fibres per litre in
beverages and drinking water from several Canadian cities. Researchers found that Canadian beer
and tap water contained chrysotile asbestos fibres, mostly less than one nm in length, at ,
concentrations ranging from 2 to 10 x 106 fibres per litre with unfiltered water supplies at the top
of the range. Unfiltered tap water drawn from a lake in the asbestos mining region of Quebec gave a
value of 170 x 106 per litre.(30)
Distribution In Water
Subsequently, the Ontario Ministry of the Environment assessed the water supplies of
municipalities in the Province drawn from surface waters. The first results of this ongoing program
were published in 1973.(31) Samples from 22 cities and towns were analyzed by Ontario Research
Foundation and the results have recently been published. Concentrations ranged from 0.1 x 106
fibres per litre in Ottawa’s tap water to 3.9 x 106 fibres per litre in Sarnia’s. (See Table 8.) Mass
concentration was calculated from the number of fibres, their size distribution, and the density of
chrysotile (2.4g cm‘3 ).
Figure 2 presents a map published in January 1974(3 2) showing the fibre counts in the
Great Lakes - St. Lawrence River area. Figure 3 is a histogram which shows the frequency with
which a particular concentration of ﬁbres occurs. The average concentration is about 1.7 x 106
ﬁbres per litre. The locations where counts higher than this are found are along the north shore of
Lake Superior between Silver Bay and Duluth (Reserve’s discharge); along the St. Clair River;
downstream from MOntreal and in the asbestos mining district in Quebec. Industries along the St.
Clair River and in other locations (Montreal, Toronto) may explain the high counts there. The
reason for the higher counts along the Ottawa River is unknown.
During the various Canadian studies, only at Ottawa and Toronto were samples taken
by different investigators at different times. Ratio between the counts ranges from about 2 to 14.
Ratios in samples taken at Niagara Falls and Thunder Bay in different years range from about 1 to
5. Variability Of the counts is within a factor of 2 or 3X33) Comparisons of the effects of filtration
in water treatment plants are available forToronto, Windsor and Ottawa. In Toronto and Ottawa
reduction is from 15 to 25 percent; in Windsor, the reduction was approximately 90 percent.
During initial sampling programs by EPA, fibre counts in the water distribution system were
sometimes higher than in the raw intake water possibly because ofvariability in raw water counts
and residence time in the system.(34) The average background level of asbestos fibre concentration
in water distribution systems in the Great Lakes Basin is 1.6 x 106 fibres/ litre and 90 percent of the
areas test at less than 3 x 105. '
Continued drinking water sampling programs of the Ontario ~Ministry of the
Environment produced additional May 1974 results. In the Northern Ontario mining/ milling area at
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(DISTRIBUTION SYSTEM — WATER)
 
SAMPLE SOURCE FIBRE COUNT IN ESTIMATED MASS
LOCATION MILLIONS PER LITRE CONCENTRATION, ug/l
Toronto L. Ontario 1.90 0.000941
Belleville Bay of Quinte 0.533 0.000937
Brantford Grand River 0.570 0.001 13
Brockville* St. Lawrence R. 0.446 0.000602
Chatham Thames River 0.595 0.00157
Cornwall St. Lawrence R. 2.1 1 0.000729
Hamilton L. Ontario 0.694 0.000154






































































































































































   





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ASBESTOS IN LAKE SUPERIOR
BACKGROUND
Since December 1972, when the first public statement was made of concern over
potential public healthhazards of asbestos in Lake Superior, a number of detailed investigations of
the distribution of asbestos in Lake Superior have been undertaken. While much additional
information remains to be developed, enough is at hand to show the general pattern of asbestos
occurrence, particularly in the vicinity of the Reserve Mining Company operations at Silver Bay.
ASBESTOS IN LAKE SUPERIOR WATERS

















































































































































































































































































































































































































































































































































































































































































































































































































cruises in early summer of 1973.
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TABLE 9‘28)
ASBESTOS FIBRE CONCENTRATIONS IN LAKE SUPERIOR
Cruise Station Depth Fibres/litre
(x106)
103 203 50 to 15 m 87.3
103 142 50 to 15m 15.5
104 203 1 m 9.5
104 138 1 m 1.4
104 138 85 m 0.76
104 89 1 m 2.2
104 2 1 m 1.7
104 43 1 m 1.4
Cruise 103 June 15 »— 28
Cruise 104 July 26 — August 8
 39
It is quite clear from the results of both cruises that the mining and milling operation
at Silver Bay has a major impact on the asbestos fibre content along the north shore of the western
arm of the lake. The results of the second cruise. 104, show little effect on the waters of Thunder
Bay or those of the eastern lake. The CCIW current monitoring program during 1973 has shown
that, except for a few early oscillations. there was a steady counter-clockwise ﬂow around the lake.
Such a flow would tend to move fibres from Silver Bay toward Duluthand then eastward along
the south shore. These currents are slow, averaging a few centimetres per second, so that the ﬁbres
will gradually settle out or diffuse into the main body of the lake while the ﬂowing water traverses
the immense distances involved.
McMaster University
Under contract to the Canada Centre for Inland Waters in conjunction withwork for
the IJC’s Great Lakes Research Advisory Board, McMaster University performed a literature search
and an experiment to develop a method for the enumeration of asbestos ﬁbres in water. Fibre
counts were performed on samples taken on a CCIW 1973 cruise of Lake Superior. Figure 6 shows
the location of sampling stations and presents results of fibre counting.
The fibre counts in water samples at 1. m depth and at the bottom varied from 0.1 to
3.6 x 106 fibres per litre. Most particles appear partially degraded and broken. The specific
concentrations at individual stations are shown in Figure 6. Except for stations 68, 142, and 152,
fibre concentrations were greater at the bottom than at l m depth. This may be due to
































































































































































































































































































































































































































































































































































































































































































































































































NOTE: Counts of asbestiform fibres in rivers entering eastern Lake Superior are for chrysotile fibres. The other
counts are for amphibole ﬁbres.
Figure 6.















































































































































































































































































































It spreads throughout much of western Lake Superior, becoming thin and
diluted with other sediment at Duluth. which is at the western tip of the
lake. Indication of recent changes in the mineralogy of suspended solids in
western Lake Superior water is provided by EPA’s x-ray diffraction
analysis of suspended sediment samples collected for several periods in the
past by the City of Duluth water utility. Samples from 1939-1940 and
1949-1950 contain only trace amounts of amphibole with no detectable
cummingtonite-grunerite, but all samples studied for the period
1964-1965 contained large amounts of amphibole (average, 31 percent of
the total inorganic solids), most of which was cummingtonite—grunerite.
The geological and limnological data indicate that the source of this large
increase in amphibole material is the taconite tailings that, since 1956,
have been discharged into western Lake Superior at Silver Bay.”(45)
BIOLOGICAL ASPECTS
Investigations by US. EPA and its predecessor organization of the biological aspects of
pollution in western Lake Superior havebeen under way since 1968. Although much of the research
on the environmental impact of asbestos on fresh—water organisms is still in progress, earlier reports
summarized below provide a perspective of the status of knowledge about the biological aspects of
Lake Superior.
Personnel of the US. Bureau of Commercial Fisheries, Federal Water Pollution Control
Agency (Great Lakes Region), the Minnesota Conservation Department, Wisconsin Department of
Natural Resources, the Minnesota Pollution Control Agency, and the Reserve Mining Company
participated in studies during June and July 1968.
Generally speaking, the population of phytoplankton decreased with an increase in
depth on the first cruise. The mean of populations recorded on the month later cruise indicated a
slight rise in populations. Some increase in water temperatures during the second cruise as compared
to those of the first may account for this increase in population. The phytoplankton populations
northeast of the Reserve waste disposal area did not differ greatly from the populations southwest
of the waste disposal area.
In summary, although the number of bottom samples collected on the two June—July
1968 cruises were limited, it was found that benthic organisms were in only four of the nine
stations sampled southwest of Reserve’s waste disposal area. Pollution-sensitive scuds were not
found in the samples collected at depths between 20 and 252 meters southwest of the waste area,
the area affected by the taconite outfall. Each sample collected above the waste area contained a
number of benthic organisms, and scuds were found in each of these samples. There was little
difference in the numbers of phytoplankton collected throughout the waste disposal area.(46)




Fauna of the Minnesota North Shore of Lake Superior as Related to
Deposition of Taconite Tailings and Fish Production”, the State of Minnesota reported
a reduction in the abundance of fish food organisms associated with the deposition of
taconite tailings on the bottom of Lake Superior. It was estimated the reduction in ﬁsh
food organisms could be expected to result in a reduction of the total annual fish catch
(commercial and estimated
sport fishing) of 5 percent or less for the area having
tailings on the bottom.
 43
2, High concentrations (10 percent and 25 percent) of taconite wastes causedmortalities
among sac try of rainbow trout in a 4—day exposure. The wastes were not acutely toxic
to fingerling sized coho salmon, rainbow trout, white suckers, black bullheads, blue
gills, and yellow perch in 96—hour static bioassays.
3. Chemical analysis projected to the probable daily discharge shows the following
discharge. measured in pounds of certain biologically significant parameters: copper,
4,100; nickel, 2,500; zinc, 2,500; lead, 5,100: chromium, 6,200; phosphorus, 51,500;
and manganese, 629,000. Other elements in the discharge include silicon, arsenic, and
substantial quantities of iron. The chemical state of these metals was not assessedf‘”)
One of the potential consequences of the phosphorus loading figures is localized
eutrophication of Lake Superior. However, it is not yet known whether phosphorus attached to the
discharged materials remains bound to the tailings or becomes released and available for algal











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Op Cit. Kay, G.































































































Op Cit. Weiler, R.R., Page 10.
Op Cit. US District Court, Pages 64-65.
Stober, W., “Dynamic Shape Factors of Non-spherical Aerosol Particles,” in “Assessment
of Air-borne Particles,” Mercer, T.P., (Editor), Charles E. Thomas, Publishers,
Springfield, Illinois. Pages 249-289. 1972.
US. EPA Region V, “Lake Superior Asbestos Study Status Report,” Chicago. January
1974.
Cook, P.M., “Semi-Quantitative Determination of Asbestiform Amphibole Mineral
Concentrations in Western Lake Superior Water Samples.” Presented at 23rd Annual
Denver Conference on the Applications of X-Ray Analyses, August 7-9, 1974.
Op Cit. Weiler, R.R.
Op Cit. Durham, R.W., and Pang, T.W.S.
Dell, CL, and Thomas, R.L., “Preliminary Study of Taconite Tailings in Lake Superior
Sediments,” Department of the Environment, Canada Centre for Inland Waters,
Burlington, Ontario. 1974.
Cook, P.M., Glass, GE, and Tucker, J.H., “Asbestiform Amphibole Minerals: Detection
and Measurement of High Concentrations in Municipal Water Supplies,” Science, Vol.
185: 853-855. September 1974.
Federal Water Pollution Control Administration, Great Lakes Region, “Special Report on
Water Quality of Lake Superior in the Vicinity of Silver Bay, Minnesota.” Chicago,
December 1968.
FWPCA, Great Lakes Region, “An Appraisal of Water Pollution in the Lake Superior
Basin,” January 1970.
Save Lake Superior Association and Northern Environmental Pollution Council, “Superior









































































The history of taconite mining is the history of the recovery of the iron-mining
industry at a time when high grade hematite ores were becoming scarce. It is the story of a new
offshoot industry—taconite beneficiation. Taconite is hard, well-cemented, ferruginous chert and
slate.
I
As the natural iron ores were being depleted, much research was conducted on
processes to beneficiate the low grade and very hard taconite. Beneﬁciation upgrades the taconite
from material containing twenty—five to thirty percent iron to material containing as much as
sixty-five percent or more iron.
The search for ways to mine and concentrate taconite began before 1920, and did not
culminate until after 1950, when Reserve Mining Company and Erie Mining Company pioneered
commercial size plants for the manufacture of taconite pellets. At that point, taconite beneficiation
proved economically feasible.
In taconite processing plants, taconite is crushed and ground so that over ninety
percent of the material is less than 325 mesh; that is, finer than ﬂour. This is necessary because iron
and silica, the principal constituents of taconite, are so finely grained and intimately associated that
only after grinding this finely are the grains of iron physically separable from the grains of silica.
The iron grains can then be separated from the silica grains by magnets.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































On April 28, l971. the EPA served notice to the Reserve Mining Company that the
company operations located on and discharging efﬂuent into Lake Superior are responsible for
violation of established State and Federal water quality standards, thus constituting a l80-day
notice. No agreement was reached between the EPA and the Reserve Mining Company during the
l80-day period and on January 19, 1972. the Administrator of the Environmental Protection
Agency asked the Department of Justice to file suit against the Reserve Mining Company to halt
pollution of Lake Superior by Reserve’s oreprocessing plant at Silver Bay. Minnesota. In February
1972, a civil action was filed by the Justice Department in the US. District Court for the District of
Minnesota. The suit was filed on the basis of violation of intrastate water quality standards,
violation of interstate water quality standards, and violation of the Refuse Act of 1899. A common
nuisance court was added later. The trial commenced August 1, 1973, in the US. District Court,
Minneapolis. The court’s findings reported in April 1974 were appealed to the Eighth Circuit whose
findings are presented in Appendix 5.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Water Poliution Control Act.
April 28, 1971 - EPA issues ISO-day notice for Reserve Mining Company to stop
polluting interstate waters of Lake Superior.
May 15, 1971 — Corps refuses Governor Anderson’s request stating that EPA’s actions
pre—empted the Corps.



















February 17, 1972 — Justice Department files suit in Federal District Court in






















cummingtonite in the Wisconsin portion of the lake shows interstate pollution. (Case was filed
under the 1899 Refuse Act.)



















March 16, 1972 — State of Wisconsin ﬁles motion to intervene in Federal suit against
Reserve Mining Company. (Filed in Duluth.)
April 6, 1972 — Lake County, Minnesota, ﬁles motion in US. District Court at Duluth
to intervene on behalf of Reserve Mining Company.
December 7, 1972 — Arlene Lehto questions asbestos fibres relationship to cancer at
IJC Duluth hearing.
Week of May 14, 1973 — Drs. Gary Glass and Phillip Cook and National Water Quality
Laboratory Director, Dr. Donald Mount, establish relationship between asbestos and cummingtonite
in that both have same characteristics.
June 1973 — Minnesota Pollution Control Agency receives the University of Wisconsin
(Stephen Burrell) report on amphiboles in taconite from Reserve’s Peter Mitchell mine in Babbitt,
Minnesota, tracing the persistence of the amphibole minerals from the bedrock, through the mill
into the Lake Superior discharges and into the air.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































October 1 l, 1974 ~ US. Supreme Court refuses to halt Reserve’s discharge.
November 1974 EPA releases Asbestos Study results.
December 1974 - US. Senate passes S 3922, Amendment of the Coastal Zone
Management Act of 1973, including Section 2: “In any action requesting equitable relief, under any
Act administered by the Administrator of the Environmental Protection Agency or instituted at
the request of such Administrator, where a risk to public health is alleged and established, the
failure by the party requesting such relief to prove that demonstrable harm to health now exists or
will result, shall not, in and of itself, constitute a permissable basis to deny such relief. . A similar
amendment was defeated in the US House of Representatives.
Sources: Minnesota Pollution Control Agency; Superior Polluter, Save Lake Superior Association and Northern
hnvironmental Pollution Council, Duluth, Minnesota. October 1972; Environment Midwest May 1974;
and Stephan Burrell (for Minnesota Pollution Control Agency), “Amphjboles in Taconite From The Peter
Mitchell Mine,” Reserve Mining Company, Babbitt, Minnesota, University of Wisconsin, June 1973.
Congressional Record-Senate, December 18, 1974.
  





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































create an economic disparity in user fee and port time lost, and this activity could rightfully or
should rightfully be uniformly available at all ports throughout the Great Lakes, both the United
States and Canadian.
In like manner, there should be a uniform mandatory compliance with pollution
abatement laws for municipalities and industries which discharge their wastes directly into Lake
Superior or any other Great Lake.
The United States and Canadian Governments as well as private citizens of both
countries have invested heavily in the development and promotion of such attractions and facilities
as the Circle Route around Lake Superior which is utilized by both Americans and Canadians on
holiday and as a service route. Our lake is world renowned for its purity and clarity. This asset,
singular perhaps, as it gets a little cold for swimming and that sort of activity, is being violated in an
appalling manner by one industry. An industry while through a combination of political
stringpulling, economic fear tactics, legal manoeuvering and sheer gall, had circumvented justice and
continues daily to pour a mountain of filth into this international body of water.
The truly admirable efforts on the part of both countries and their citizenry in such
developments as the Circle Route, is being betrayed by this one industrial polluter which continues
to evade any abatement schedule and daily violates the crystal waters of Lake Superior. This largest
industrial user takes up to 700 million gallons of water a day from the lake and discharges it back
into the lake with a waste load of nearly 69,000 tons of taconite tailings. Scientists estimate that
approximately 20 tons of this daily tailings discharge dissolves into Lake Superior. Whatever,
enough goes into permanent suspension and begins a vicious route of circulation through our lake
causing a nuisance discolouration which for longer and longer and larger periods becomes an ugly
and ever growing scar on the waters of Lake Superior. And whether this is the only violation of
these waters we can’t be certain yet.
The Japanese have only recently discovered that the asbestos used in the grinding
process for their rice may be a cancer-producing agent. The character of taconite tailings also
includes the same ﬁbrous amphibole. To our knowledge, no one has even suspected that this might
be a cancer-producing agent. And because historically the burden of proof has rested not with the
polluter, but with the victim, our daily ingestion of polluted water will continue — perhaps until too
late.
But there are alternatives. The main one of these alternatives being sought here and in
court by the Save Lake Superior Association is on-land disposal for this discharge by Reserve Mining
Company. And not necessarily on-land in the vicinity of the present plant, but perhaps even on-land
at the actual mine site. True, they would again be utilizing waters which are international in nature,
but by a new commitment to their investment they could also utilize more advanced methods of
processing which would recycle their water and no longer jeopardize the health and welfare of
citizens of both United States and Canada as their present discharge does in its integration with the
Great Lakes.
Again, we wish to stress our concern for the establishment of uniform availability of
treatment for shipboard waste at all Great Lake ports and for the abatement of all gross pollution in
the Great Lakes, particularly that which violates our waters of Lake Superior.
Thank you.
I would also like to enter into the record as though read, hopefully, this copy of the
Superior Polluter which has been co—published jointly with the Northern Environmental Council. A
book which documents in 196 approximate pages the full story of the Reserve Mining Company
saga struggle since 1947. Hopefully this will give you the factual data. It was compiled by three
university law students who are now full attorneys in the United States.
DISCUSSION
THE CHAIRMAN: Thank you very much, Mrs. Lehto. I think there may be some
questions from members of the Commission. I would ask a perfectly simple question. If all of what
you say is true, why has the City of Duluth not done something about this?






















for the region, and their sales will be going down drastically if they lost some of this population at
Silver Bay which uses Duluth as a service area. They have almost no stores of their own up there.
They do almost all of their shopping in the Duluth area.
THE CHAIRMAN: Have the Reserve Mining people, Mrs. Lehto, indicated why they
could not use land disposal methods for this?
MRS. LEHTO: During the Court proceedings in Lake County District Court they had























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tailings were being dissolved?
COMMISSIONER WEBER: Twenty tons.





















of exactly what this was?


































































































































































































































































































COMMISSIONER BEAUPRE: Thank you.
THE CHAIRMAN: Thank you. Commissioner Ross?
 A-IS
COMMISSIONER ROSS: Mrs. Lehto, as Chairman Herter indicated we are concerned
not only with pollution of Lake Superior and Lake Huron, we are also concerned about the
problem of agricultural and urban land run-off. Do you know whether there is any group in this
area who has investigated this problem to any extent; and to what extent is your association
concerned with this as a problem, if it is?
MRS. LEHTO: We deﬁnitely feel it is a problem. We have been concerned and perhaps
involved on a far greater scale with the Great Lakes Basin Commission. I served myself on the task
force for two years, and our involvement has been mostly through input into their studies.
Hopefully into upgrading the inadequacies, fantastic inadequacies of the US. Army Corps of
Engineers National Shoreline Study, and having some influence hopefully on getting other groups to
study the land use and make an inventory of it. We feel this is extremely important. It is our
understanding that the Minnesota Public Interest Research Group, locally, or in the State of
Minnesota, is undertaking such a study. I don’t know to what extent they will be successful in
completing it in time for input into their shoreline survey, updating by the Army Corps of
Engineers. The Great Lakes Basin Commission is supposedly compiling data on land use and we feel
that that also is not adequate for the north shore of Lake Superior and the Canadian portion. We
feel that because it doesn’t include the Canadian portion, it doesn’t show a true picture of what is
happening region-wise and basin-wise on land use, and this is perhaps where the scope of the I.J.C.
should take precedence.
COMMISSIONER ROSS: Do you know whether the Minnesota Public Interest Group
is going to appear today?
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 APPENDIX 4
CURRENT INVESTIGATIONS









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
         























     
           













































LAKE SUPERIOR ASBESTOS STUDYOQ






































screen in screen house
(2) Tap in basement of Bare Point 1 l
Pumping Building (after screen)






































Judge C.R. Magney State Park,
approximately 1/4 mile upstream of















































































































































side of US. Hwy 61 bridge above































Map . No. of
No. Station Location description Samples
14 Duluth, Minnesota (1) Tap in water plant laboratory 12
from raw water wet well.
(2) Tap of raw water wet well, just
above wet well
15 WDIO-TY Building, 10 Temporary tap outside of building 1
Observation Road, for public water supply
Duluth, Minnesota
16 Superior Well, Minnesota Tap after raw water pump 12
Point
17 Cloquet Water Line, Tap off small raw water wet well 13
Minnesota Point pump
18 St. Louis River, Minnesota Downstream side of Hwy 23 bridge 13
(Minnesota channel)
19 Twin Port Dairy, Well sample 1
Superior, Wisconsin























































































































(8) Upstream side railroad bridge 5
approximately 100 yards upstream
































































































































































































































































































Samples taken from the potable water lines and from the tributaries are being
examined for total suspended solids and for asbestiform amphibole fibres. The analyses for
asbestiform amphibole fibres include mass concentration, fibre count, size distribution, and fibre
identification. Where sufficient sediment is present, the mineralogical composition of the sediment
is being determined by x-ray diffraction. The 1973 results of these analyses are presented in Table
4-3. Results of electron microscopy analysis during 1973 are presented in Table 4-4. Figures 4-3
through 4-5 show results of analyses of sampling for concentrations and mass.
Meteorological Data Acquisition Program
Meteorological data are acquired as a parallel study to the Potable Water Intake and
Tributary Sampling Program. Weather conditions affect lake water movement characteristics which,
in turn, have an affect on water drawn through the water intake.
Table 4-5 lists the meteorological stations, existing and established, which are used in
order to obtain sufficient data to describe weather conditions in the western arm of Lake Superior.
Figure 4—6 is a map locating the meteorological stations.
Air Monitoring Program
The communities of Duluth, Silver Bay, Hoyt Lakes, Babbitt, Virginia and Eveleth
have taconite mining, processing or loading operations in close proximity to workers and residential
areas. If asbestiform amphibole fibres are emitted from these operations, the public healthof the
population could be affected. Therefore, an air monitoring program has been established to
determine not only the presence or absence of air-borne asbestiform amphibole fibres in
communities near the taconite operations, but also the exposure level to populations to this
vicinity. Table 4-6 identifies the air monitoring network. Figure 4-7 is a map locating the 10




















Region V’s Central Regional Laboratory analyzes the filters for total suspended
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analyzed prior to July 1, 1974. The contracting laboratories
were required to identify each ﬁbre they counted in the


























































































































































































































































































































































































































































POTABLE WATER INTAKE RESULTS
AS OF JULY 1,1974



























































































































































































































































LAKE SUPERIOR ASBESTOS STUDY
METEOROLOGICAL DATA ACQUISITION”
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LAKE SUPERIOR ASBESTOS STUDY
AIR MONITORING PROGRAM“)
Sampler Network








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. Asbestilform amphibole fibre identification is to determine the presence of chrysotile,
crocidolite, amosite, anthopliyllite. tremolite and actinolite.
2. Group identification is to determine if a fibre is of the serpentine (chrysotile) or
amphibole group.
3. Size distribution is the number of fibres in 0.1 p steps over the range from 0.01 a in
length and width to the maximum fibre size.
4. Mass concentration is the weight of asbestiform amphibole fibres per unit of sample.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































RESERVE MINING V. US.
The decision of the Eighth Circuit Court of Appeals based on the Circuit Court’s
interpretation of technical evidence, is a preliminary review of Judge Miles Lord’s findings and
decisions. The U.S. EPA and the President’s Council on Environmental Quality (CEQ) both asked
the Justice Department to appeal the stay to the Supreme Court. CEQ Chairman, Russell Peterson,
has stated that the appeals court “should not misread lack of knowledge about a potential hazard as
proof that the hazard is slight or does not exist ;” otherwise, “counting dead bodies. . .” is the only
way the Government can prove its case using the Eighth Circuit’s Standard. The Eighth Circuit








































































   
RESERVE MINING v. U.S.
U.S. Court of Appeals
Eighth Circuit
RESERVE MINING COMPANY, et al.,
v. UNITED STATES OF AMERICA, et al.,





















on merits of its claim that Federal Govern-
ment, in suit to enjoin company‘s discharge
of taconite tailings into Lake Superior, failed
to prove that discharge posed substantial
danger to public health warrants 70-day stay
of federal district court order that required
immediate cessation of discharge, although
stay is conditioned upon prompt action by
company to abate discharge.
STATUTES
Federal — Federal Water Pollution
Control Act (§95.021)
Construed.
Action by Federal Government, state, and
environmental group plaintiffs to enjoin min-
ing company’s discharge of taconite tailings
into Lake Superior. From order of US. Dis-
trict Court for the District of Minnesota en-
joining discharge (6 ERC 1449), company ap-
plies for stay of injunction.
70-day stay of injunction granted.
Edward T. Fride, Duluth, Minn, and




Edmund 8. Clark, Department of Justice,
Washington, D. C; Byron E. Starns, chief
deputy attorney general. St. Paul, Minn; and
Howard Vogel, Minneapolis, Minn, for
appellees.
I John Engberg, Minneapolis, for amicus cu-
nae.
Full Text of Opinion
Before BRIGHT, ROSS and WEBSTER,
Circuit Judges.
BRIGHT, Circuit Judge.
Reserve Mining Company is a jointly
owned subsidiary of Armco Steel Corporation
and Republic Steel Corporation which mines
low-grade iron ore, called “taconite,” near
 
Babbitt, Minnesota. The taconite is shipped
by rail to Reserve’s “beneﬁciating” plant at
Silver Bay, Minnesota, on the north shore of
Lake Superior, where it is concentrated into
:l‘pellets” containing some 65 percent iron ore.
he process involves crushing the taconite into
ﬁne granules, separating out the metallic iron
with huge magnets, and flushing the residue
into Lake Superior. Approximately 67,000
tons of this waste product, known as “tail-
ings,” are daily discharged into the lake.
The use of Lake Superior for this purpose
was originally authorized by the State of Min—
nesota in 1947, and Reserve commenced oper-
ations in 1955. In granting this permit to Re-
serve, the State of Minnesota accepted
Reserve’s theory that the weight and velocity
of the discharge would insure that the tailings
would be deposited at a depth of approxi-
mately 900 feet in the “great trough” area of
the lake, located offshore from Reserve's facil-
ity. The permit provides that:
[Tlailings shall not be discharged “ ’ ‘ so
as to result in any material adverse effects
on ﬁsh life or public water supplies or in
any other material unlawful pollution ofthe
waters ofthe lake' ‘ ‘ ‘.
This enforcement litigation was commenced
after state and federal pollution control efforts
dating from mid-1969 produced an unsuccess-
ful series of administrative conferences and
state court proceedings.I On February 2, 1972,
the United States Government—joined even-
tually by the States of Minnesota, Wisconsin,
and Michigan and by various environmental
groups—ﬁled a complaint alleging that Re-
serve‘s discharge of tailings into Lake Supe-
rior violated Section 13 of the 1899 Refuse Act
(33 U.S.C. § 407), Section 10 of the Federal
Water Pollution Control Act (33 U.S.C
§ 1160), and the federal common law of public
nuisance.
Until June 8, 1973, the case was essentially
a water pollution abatement case, but on that
date the focus of the controversy shifted to the
public health impact of Reserve’s discharge of
asbestiform particles into the air and water.
Hearings on a motion for preliminary in-
junction were consolidated with the trial on
the merits, and on April 20, 1974, after 139
days of trial extending over a nine month pe-
riod and after hearing more than 100 wit-
nesses and examining over 1,600 exhibits,
Judge Miles Lord ofthe United States District
Court for the District of Minnesota entered an
order closing Reserve’s Silver Bay facility, In
an abbreviated memorandum opinion,,Judge
Lord held that Reserve‘s water discharge vio-
‘See Reserve [Mining Company v. Minnesota
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 mingtonite-grunerite in Reserve’s discharges
are the equivalent of amosite asbestos raised
an immediate health issue, since inhalation of
amosite asbestos at occupational levels of ex-
. posure is a demonstrated health hazard result-
ing in asbestosis and various forms of cancer.
However, the proof of a health hazard re-
quires more than the mere fact of discharge;
the discharge of an agent hazardous in one cir-
cumstance must be linked to some present or
future likelihood of disease under the pre-
vailing circumstances. An extraordinary
amount of testimony was received on these is-
sues, and the district court designated several
court witnesses to serve as impartial sources of
review and evaluation.
B. What the District Court Decided.
The district court‘s conclusion—that Re-
serve’s discharge into Lake Superior and its
emissions into the air created a common law
nuisance under federal and state law, and vio-
lated state and federal pollution laws—made
the discharges subject to abatement. ln deter-
mining the proper remedy, the court con-
cededly balanced the equities and considered
the economic and technological feasibility of
abatement and the rotection of the public
health. The course 0 the proceedings. indicate
that the rather drastic remedy ordered by the
district court—the immediate closing of the
plant—was a response to the ﬁnding of a sub-
stantial danger to the public health. This is
clear from the court’s initial memorandum,
where Judge Lord notes:
The Court has no other alternative but to
order an immediate halt to the dischar e
which threatens the lives of thousands. fn
that defendants have no plan to make the
necessary modiﬁcations, there is no reason
to delay any further the issuance of the in-
junction.
[1.
We come now to our limited review of the
district court‘s injunction ordering Reserve
Mining to cease immediately its discharges
into the air and water. inconsidering whether
our temporary stay of that injunction should
remain in effect, we note the usual formulation
of the applicable standards to be met by the
party seeking a stay under Fed. R. Civ. P. 62
and Fed. R. App. P. 8: (1) a strong showing
that he is likely to succeed on the merits of the
appeal; (2) a showing that, unless a stay is
granted, he will suffer irreparable injury; (3) a
showing that no substantial harm will come to
other interested parties; and (4) a showing
that a stay will do no harm to the public inter-
est. See, e.g., Long 12. Robinson, 432 F.2d 977,
979 (4th Cir. I970).
The ﬁrst element goes to the sensible ad-
ministration ofjustice: a stay should not ordi-
narily be granted if the court determines that
the injunction will ultimately take effect in
any event. The other three elements, while dis-




health and environmental demands of society




ately affected. Of course, foremost consid-
eration must be given to any demonstrable
dan er to the
ublic health. Se
e United States
v. Isutrition emice, Inc., 234 F.Supp. 578,
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location to be suffered by the defendants and
by the communities dependent upon them if
the injunction immediately goes into effect.
See Friends of the Earth v. Armstrong, 360
F.Supp. I65, 195 [5 ERC 1481] (D. Utah
1973); Environmental Defense Fund, Inc. v.
Froehlke, 348 F.Sup . 338, 366 [4 ERC 1541]
(W.D. M0. 1972). ghief Justice Burger, sit-
ting as circuit justice, while refusing to grant a
stay in an envi
ronmental conte
xt in Aberdeen
e Rockﬁsh R. Co. U. SCRAP, 409 US. 1207
[4 ERC 1369] (1972), observed:
Our society and its governmental instru-
mentalities, having been less than alert to
the needs of our environment for genera-
tions, have now taken protective steps.
These developments, however praise-
worthy, should not lead courts to exercise
equitable powers loosely or casually when-
ever a claim of “environmental damage” is
asserted. The world must go on and new en-
vironmental legislation must be carefully
meshed with more traditional patterns of
federal regulation. The decisional process
for judges is one of balancing and it is often
a most difﬁcult task. [409 US. at 1217-18.]
In relation to the motion for a stay, the par-
ties have directed briefs and arguments almost
exclusively to the health hazard issue. Given
the concededly enormous economic impact
that an immediate plant closure would have
upon Reserve, given the personal impact on its
approximately 3,000 employees and their fam-
ilies, and given the social and economic impact
upon the communities in which the employees
live, we think that our preliminary resolution
of the health hazard question should control
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high dosages, is injurious to health.‘ However,
in order to dra
w the conclusio
n that environ-
mental exposure to Reserve's discharges
presents a health threat in the instant case, it
must be shown
either that the c
ircumstances of
exposure are at least comparable to those in
occupational settings. or, alternatively, that
the occupational studies establish certain prin-
ciples of asbestos-disease pathology which may
be applied to predicting the occurrence of such
disease in altered circumstances.
lnitially, it must be observed that environ-
mental exposure from Reserve‘s discharges
into air and water is simply not comparable to
5 See Industrial U
nion Department,
AFL-CIO, et
al. 1'. Hodgson, No. 72-1713 (DC. Cir. ﬁled ,-\pril
13, 1974), slip op. at 6, n. 7, where the following ap-
pears as it quotati
on from the Secre
tary of Labor:
No one has dispu
ted that exposure
to asbestos
of high enough intensity and long enough dura—
tion is causally related to asbestosis and cancers.

























































































































































Nor can the occupational pattern of ex-
posure be equat









opinion, in which the tissues of recently de-
ceased Duluth residents were examined for as-




pointed expert, to testify:
Q. [Dr. Pooley
stated in his su
mmary of
the tissue analysis that:] “There was no in-
dication of an occupational exposure to as-
bestos
dust.“
A. I agree with that.
Thus, it cannot be said that either the dis-
charge into the water or the discharge into the
air results in circumstances of exposure com-
parable to those in an occupational context.
" Dr. \A am F. Taylor is head of the Medical
Research Statistics Section at the Mayo Clinic, and
an expert in evaluating the signiﬁcance of medical
and liiolo al statistics He has been a consulting
statistician in medic and biologital research, and a
Professor of Biostatistics.
‘ As noted subsequently in this ipinion. such esti-
mated counts are subject to a nine—fold margin of er-
ror. Thus, the actual count may be anywhere from
0.5634 ﬁbers per cc to 0.0069 ﬁbers per cc. The up-
per range of 0.5634 ﬁbers per cc is. of course. still
considerably below the standard set by the Secretan
of Labor.
We do not make any comment here on the .idc-
quacy or relevancy of the standard, which was a
matter in dispute before the dist ' t court We cite
the standard only as evidence that thc level of ex-
posure in the t r of S ver Bay, even at its upper
range, is far below the legally permissible leiel for
occupational settings. and thus, ohyiously below
those levels typic; Iy associated with occupational
exposure.
The 5 ﬁber per (1' standard “as recenth chal—
lenged and upheld. See Industrial l'nmn Depart-
ment, :lFL-le). t'/ al. :2 Hmfgmn. No 73~l7l3
(D.(I.(Iir.,filcd:\pril13. l‘V-li. slip up. .it (i. n "











   
   










































































































































































































































Well, in my thinking, Your Honor, as far
as using the information that is su plied to
the Court on counts, in view 0 the in-
credibly large errors associated with this
procedure, l would have to assume virtually
only a qualitative base for what is being re-
ported. In other words, Your Honor, 1 do
not recall having been exposed to a proce-
dure with an error this large, and which
people have seriously proposed a number




This [poor counting procedure] has some-
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values and dose-response relationships are ob-
servable with respect to cancer generally, the
particular values and relationships associated
with asbestos-induced cancer appear to be un»
known. Regarding this, Dr. Brown testiﬁed:
Q. What is your viewon the dose-re-
sponse relationship between asbestos and
cancer?
A. I would like to a proach that from the
general point ofview rst. It is my view that
in virtually—well, I will strike the word
“virtually”—in every carcinogen that I
know in which it has been possible to study
whether or not a dose-response relationship

































































I would say that, yes, there is a dose-re-
sponse relationship between asbestos and
the development of cancer. I haven’t the fog-
giest idea, Your
Honor, as to wha
t that level
might be, either
in air or in wate
r.‘
In commenting on the statement, “This sug-
gests that there are levels of asbestos exposure










But I must reit
erate my view t








ln the face of
these two key
unknowns in
evaluating the risk of disease, we must now
look to additional important evidence, a tissue




residents of ingesting ﬁber-contaminated wa—
ter. This study was prompted by an almost
complete lack of knowledge with respect to the
human ingestion of asbestos ﬁbers. since pre-




asbestos with the respiratory tract was estab-
lished. Any theory attempting to deal with the
effects of ingestion of asbestos in liquid had to
bridge the gap between the ingestion of ﬁbers
and the interaction by those ﬁbers with the
body tissues. if
the ﬁbers do no
t interact with
the tissues but simply are eliminated by the
body as wastes, presumably no disease will re-
sult. Accordingly, the courbappointed experts
formulated a “protocol” or study plan de-
signed to test whether people who drink Lake
Superior waters accumulate asbestos-like ﬁ-
bers in body tissues from taconite.
This protocol involved analysis by electron
microscope of t
he tissues of re
cently deceased
Duluth residen
ts who had i
ngested Duluth
water for at leas
t 15 years, that
is, since the be-
ginning of operations by Reserve. As a “con-
trol" check on results, samples were taken
from the residents of Houston, Texas. where
the water is fre
e of asbestos ﬁb
ers. Although











Q. And you reg
ard that as a so
und proto~








* * ‘ I think that their study has great
value and we c
ertainly would






































































































Now, our feeling was that no matter what
air samples show or water samples show or
anything else, unless it is found that as-
bestos is in the tissues of people who have
drunk this water * * ' if we do not ﬁnd it in
the tissues in apprec'able quantities, then I
would risk a professional opinion that there
is no danger, at least up to this point. to the




Moreover, Dr. Brown, while suggesting that
the tissue study did not exonerate Rescrie's
operations as a hazard, did state.
It does tell me that it is not an emergency
situation, and t
hat‘s about as fa









First. the argument was made, and was ac-







minute. and thus ﬁbers that were present may
have been overlooked. However. this judgment
must be balanted by the following exchange
between the court and Dr. Selikolf. which oc-
curred prior to the conclusion of the study:
THE (ZOL'RT. And if we examine thOse
 
‘0 Dr. Frederick D. Pooley is a world rcnownetl
scientist from Cardiff, Wales. Great Britain, and an
expert in the ﬁeld of identifying physical and chem-
ical properties of asbestos and asbestos-like ﬁbers
Dr. Selikof‘f, plaintiffs‘ expert, described Dr Pooley
as the “one man
who has tompete
nce and knowl»
edge in this matter,“ t.e., the scientiﬁc examination
of tissue for the presence of asbestos or asbestos-like
ﬁbers.
” Several aspects of Dr. Pooley‘s testimom re-
garding the tissue study should be noted. The few fi-
bers which were found were not, in the main.
“closely associated" with the tissue specimens. in—
dicating that contamination was a likely source of
the ﬁbers. No “asbestos bodies indicative of long-
term residence of the ﬁbers tn the tissues, were
found. Finally, there was no indication of occupa—








   
tissues and there are not ﬁbers there, this
operation is home-free as far as the health
hazard goes?
THE WITNESS [Dr. Selikoff]: I would
think we should ﬁnd someﬁbers there.
We’re looking for needles in a haystack, but
that’s all right, we should ﬁnd needles in the
haystack with all the difﬁculties of the




some instances we should ﬁnd some ﬁbers
there.
As noted previously, Dr. Selikoff had stated





be given the ti
ssue study has
















gesting or swallowing particles during periods
of exposure. However, a theory of ingestion is
by no means th


































think it is clear
that the tissue s











joined in by pl
aintiffs’ chief m
edical witness,
that the protocol was sound and would yield




may overcome direct evidence. Neither alone
nor together can these two bases for attacking
the study amount to afﬁrmative evidence that
ingestion of the water is harmful. At most,
they only provide a theoretical but unsubstan-
tiated basis for leaving the results of the study
in doubt, and leaving the effects of ingestion
unresolved.
B. Evaluation of Testimony.
A fair review of this impartial testimony by
the court‘s own witnesses—to which we neces-
sarily must give great weight at this interim
stage of review—clearly suggests that the dis-
charges by Reserve can be characterized only
as presenting an unquantiﬁable risk, 112., a
health risk which either may be negligible or
may be signiﬁcant, but with any signiﬁcance
as yet based on unknowns. This conclusion is
  
simply a logical deduction from the following
facts: (1) that ﬁber levels are not at occupa-
tional levels; (2) that the low levels present
cannot be expressed or measured as a health
risk; and (3) that, in any event, threshold val-
ues and dose-response relationships are unde-
termined. In other words, it is not known what
the level of ﬁber exposure is, other than that it
is relatively low
, and it is not
known what
level of exposure is safe or unsafe. Finally, no
basis exists, save a theoretical one, for assum-
ing that drinking water, otherwise pure but
containing asbestos-like particles, is dangerous
to he
alth.




I suspect I have
stated my opini
on on this





it up by sa
ying that i
n my revie
w of the sci
«
entiﬁc literatur










citizens of Duluth or Silver Bay based on
the presence of









expressive than Dr. Brown of the medical con-
cerns which are posed by the unknown risks of
Reservc‘s discharges, Dr. SelikofT seems to
recognize that the likelihood of increased dis-
ease attributable to the discharges cannot be
estimated:
[W]e have no quantitative information on
the relationship between the burden in tis-
sues and the possible health effects.
II I! I“
Q, You don’t have evidence that ﬁbers. if
they were ingested with the drinking water
of Duluth would, in fact, occasion a public
health hazard?
A. No * ‘ "
In the ﬁnal analysis, Dr. Selikoff‘s vigorously
expressed judgment that the discharges repre-
sent a danger reﬂects his underlying opinion_
tha
t:
l advocate that where. to the extent feasible,
that carcinogenic substances should not be
added to the environmental burden in
which we live.
Dr. Brown expressed the same concern:
[B]ecause asbestos is a known human car-
cinogen we have to know a lot more about it
than we now know in order to establish safe
limits for its presence. I have no. ex-
pectations that our environment will ever be
entirely free of asbestos. But until we know
what safe limits are, as a physician, who
would rather see well people than sick























































































er of excess de
aths from rectal
cancer in the Du
luth area by ﬁn
ding:
[W]e cannot sa








from Reserve’s taconite ,waste.
Of course,“neither can the opposite be said.‘2
Perhaps the most revealing statement of all is
contained in Judge Lord’s initial memoran-
dum:
The state of the scientiﬁc and medical
knowledge available in this area is in its
'2 Dr. Brown came to the following conclusions
from the epidemiological studies of cancer relating
to North Shore communities:
Q. Well, let me ask you this directly, Dr.
Brown. Do you believe that there is any signiﬁ-
cant evidence, on an epidemiological basis, to re-
ﬂect thatthere is any excess of cancer in Duluth
that could be attributed to the ingestion of any ﬁ-
bers in Lake Superior water?
A. [Dr Brown] No. there is no evidence.
Q. Similarly, do you believe that there is any
epidemiological evidence of residents. in Two
Harbors, Silver Bav. Beater Bay or elsewhere on
the North Shore, that would indicate any excess
of cancer which could be attributed to the in-
gestion of Lake Superior water.’
A. There's no such evidence that I‘ve been ex»
posed to And I’ve looked rather hard for it.
Q. Similarly, is there any epidemiologic evi-
dence, in yourjudgment, that would indicate any
excess of cancer in the residents of Silver Bay or
Babbitt, which could be attributed to the in-
halation of air-borne ﬁbers?
‘
1 .
THE WITNESS: Scientiﬁcally and medically
I see no evidence for an increased incidence of
cancer in those communities that could be attrib-
uted to the presence of asbestos ﬁbers in air or
wat
er.
These statistics must be taken as inconclusive, how-
ever, since, even as to workers occupationally ex-
posed to asbestos, there is a time lag of 20 or more
years between the date of the initial exposure and







































































we do not think that a bare risk of the un-
known can amo
unt to proof in
this case. Plain-
tiffs have failed




re. we haSten to
add, is not reﬂe
ctive of any we
akness which i
t
is within their p
ower to cure. bu
t rather. given
the current state of medical and scientiﬁc
knowledge, plaintiffs‘ case is based only on
medical hypothesis and is simply beyond
proof.
We believe that Judge Lord carried his
analysis one step beyond the evidence. Since
testimony clearly established that an assess-
ment of the risk was made impossible by the
absence of medical knowledge. Judge Lord ap-
parently took the position that all uncer-
tainties should be resolved in favor of health
safety. Since the appropriate threshold level
for safe toleration of fibers was unknown, the
district court tipped the balance in favor of at-
tempting to protect against the unknown and
simply assumed that Reserves disrharge pre~
sents a health hazard. In doing so. he disre-
garded the tissue studies of his own experts
which provided direct evidence to the contrary.
If we are correct in our conclusion that evi-
dence does not exist in the record on which to
ﬁnd Reserve‘s discharges to be unsafe, the dis-
trict court's determination to resolve all doubts
in favor of health safety represents a legislative
policy judgment, not a judicial one. See Indus-
trial L'nzon Department, AFL-CIO, e! a]. 1',
Hodgson, No. 72-l7l3 (D.(l. (Iir.. filed April
15, 1974), slip op. at 13. As Judge McGowan
stated in Industrial Linton Department, AFL-
ClO, with regard to legislative resolution of a
similar issue:
[S]ome of the questions involved in the pro-
mulgation of these standards are on the
frontiers of scientiﬁc knowledge. and con-
sequently as to them insufficient data is
presently available to make a fully informed
factual determination. Decision making
must in that circumstance depend to a
greater extent upon policy judgments and
less upon purely factual analy
. [Id at l3.]
 
We emphasize that our evaluation rests not





   

















































































































(2) it is also unl
ikely that Re-
serve will over















he air and wa—
ter have not pr





on the appeal o
n the merits, to
afﬁrm or mod-
ify the ter


























































































































de in good fait
h to create jobs,












































































































































































































































































































'3 We note that t





s one of “in
tran-
sigence“ and seem
s to have conside
red this as a fac—
tor in closing down the plant. See Judge Lord’s




critically on Reserve‘s failure in this litigation to
present the trial
court with a rea
sonable proposal
for on-land disposal of its taconite tailings and con-
trol of its air emis
sions and noted t
hat Reserve con-
tinued to produce unrealistic proposals despite his
admonition last February that the Government had
made a prima facie case. The crucial court-desig-
nated medical and scientiﬁc witnesses were yet to be
heard; the results of tissue studies were yet to be
fully evaluated and explained. Counsel for the State
of Minnesota on oral argument, in response to ques-
tions from the bench about Reserve‘s defense on the
health issue, stated, “there‘s no bad faitlf in the
record with respect to the health hazard. We ex-
pect that the parties will cooperate in achieving a
plan accepta
ble to all co
ncerned.
l‘The recommendation should rest on whether














































































































































































































































































































































































































































































































































































































































h it has re
presented
to the
court that it is n
























































U.S. DISTRICT COURT JUDGE MILES LORD’S RULING IN THE CASE OF US. vs. RESERVE
MINING COMPANY:
MEMORANDUM AND ORDER
This action for injunctive relief is before the Court after 139 days of trial, which
included testimony from well over 100 witnesses, over 1621 exhibits, and over 18,000 pages of
transcript. Of necessity, it will require several weeks before the Court will be able to set forth in
writing its detailed findings of fact and conclusions of law. Inasmuch as the case deals with issues
concerning public health, the ultimate resolution of the problem should not be delayed by this
procedural matter. The Court has carefully considered all of the evidence and hereto sets forth its
essential findings of fact and conclusions of law to be refined and supplemented at a later date.
Findings of Fact
1. Reserve Mining Company (Reserve) is set up and run for the sole beneﬁt of its
owners, Armco Steel Corporation (Armco) and Republic Steel Corporation (Republic), and acts as a
mere instrumentality or agent of its parent corporations. Reserve is run in such a manner as to pass
all its profits to the parents.
2. Reserve acting as an instrumentality and agent for Armco and Republic discharges
large amounts of minute amphibole fibers into Lake Superior and into the air of Silver Bay daily.
3. The particles when deposited into the water are dispersed throughout Lake Superior
and into Wisconsin and Michigan.
4. The currents in the lake, which are largely inﬂuenced by the discharge, carry many of


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It has been clearly established in this case that Reserve’s discharge creates a serious
health hazard to the people exposed to it. The exact scope of this potential health hazard is
impossible to accurately quantify at this time. Significant increase in diseases associated with
asbestos exposure do not develop until 15 to 20 years after the initial exposure to the fibers. The
state of the scientiﬁc and medical knowledge available in this area is in its early stages and there is
insufﬁcient knowledge upon which to base an opinion as to the magnitude of the risks associated
with this exposure. . . .
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